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Claim of Priority 

[0001] ™ sa PPlicationclaimspriorityfromprovisionalapplicationentitled"DUAL 
INPUT AND OUTLET ELECTROSTATIC AIR TRANSPORTER-CONDITIONER » 
ApplieationNo. 60/340,288, filedDecember 13, 2001 under 35 U.S.C. 1 19(e), whieh application 
ismcorporatedherembyreferenceThisappIicationclaimspriority 

entitled "FOCUS ELECTRODE, ELECTRO-KINETIC AIR TRANSPORTER- 
CONDITIONER DEVICES," Appli^ 

119(e), which appUcationismcorporatedherembyreference.™^ 

and is acontinuation-in-partof U.S. Patent ApplieationNo. 09/924,624 filed August 8, 2001 
wWchisacontinuationom 

in-partofU.S.PatentApplicationNo. 09/186,471 filed November 5, 1998, now U.S. Patent No. 
6,176,977, all of which are incorporated herein by reference. 

Cross-Referent to Related Applications: 

25 [0002] 1. U.S.PatentApplicationNo.60/341,518,filedDecemberl3,2001,entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH AN 
UPSTREAM FOCUS ELECTRODE"; SHPR-01041US6 
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[0003] 2. U.S. Patent Application No. 60/341 ,090, filed December 1 3, 2001 , entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH TRAILING 
ELECTRODE"; SHPR-0 1041 USE 

[0004] 3. U.S. Patent Application No. 60/341,433, filedDecember 13, 2001, entitled 
5 "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
INTERSTITIAL ELECTRODE"; SHPR-0 1 04 1USF 

[0005] 4. U.S. Patent Application No. 60/341, 592, filedDecember 13, 2001, entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
ENHANCED COLLECTOR ELECTRODE"; SHPR-01041USG 
10 [0006] 5. U.S. Patent Application No. 60/341, 320, filed December 13, 2001, entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
ENHANCED EMITTER ELECTRODE"; SHPR-0 1 04 1USH 

[0007] . 6. U.S.PatentApplicationNo.60/341,179,filedDecemberl3,2001, entitled 
"ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
1 5 ENHANCED ANTI-MICROORGANISM CAPABILITY"; SHPR-0 1 028US 1 

[0008] 7. U.S. Patent Application No. 60/340,702, filed December 1 3, 200 1 , entitled 
"ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED HOUSING CONFIGURATION AND ENHANCED ANTI- 
MICROORGANISM CAPABILITY"; SHPR-01028US2 
20 [0009] 8. U.S.PatentApplicationNo.60/341,377,filedDecemberl3,2001,entitled 
"ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED MAINTENANCE FEATURES AND ENHANCED ANTI-MICROORGANISM 
CAPABILITY"; SHPR-01028US3 

[0010] 9. US. Patent Application No. 10/023,197, filed December 13, 2001, entitled 
25 "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICE WITH ENHANCED 
CLEANING FEATURES"; SHPR-01041USI 
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100111 10 - U.S. Patent Application No. 10/023,460, filed December 13, 2001, entitled 
"ELECTRO-KINETIC AIR TRANSPORTER CONDITIONER WITH PIN-RING 
ELECTRODE CONFIGURATION"; SHPR-01041USJ 

[0012J 11. U.S. Patent Application No. 60/341,176, filed December 13, 2001, entitled 
5 "ELECTRO-KINETIC AIR TRANSPORTER-COM)ITIONER WITHNON-EQUIDISTANT 
COLLECTOR ELECTRODES"; SHPR-01041US8 

[0013] 1 2. U.S. Patent Application No. 60/340,462, filed December 1 3, 2001 , entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH A 
ENHANCED COLLECTOR ELECTRODE FOR COLLECTION OF MORE PARTICULATE 
10 MATTER"; SHPR-01041US9 

10014] 13. US. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH AN UPSTREAM 
FOCUS ELECTRODE"; SHPR-01041USL 

[0015] 14. US. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH TRAILING 
ELECTRODE"; SHPR-01041USM 

[0016] 15. U.S. Patent Application^. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH INTERSTITIAL 
ELECTRODE"; SHPR-01041USN 

20 [0017] 16. U.S.PatentApplicationNo.lO/xxx,xxx,filedherewim,entitled'MCTRa 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH ENHANCED 
COLLECTOR ELECTRODE"; SHPR-01041USO 

[0018] 17. US.Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH ENHANCED EMITTER 
25 ELECTRODE"; SHPR-01041USP 

[0019] 18. US.PatentApplicationNo. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
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KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
ANTI-MICROORGANISM CAPABILITY"; SHPR-01028US4 

10020] 19. U.S. Patent Application No. 1 0/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
5 HOUSING CONFIGURATION AND ENHANCED ANTI-MICROORGANISM 
CAPABILITY"; SHPR-01028US5 

[0021] 20. U.S.PatentAppUcationNo.lO/xxx^xx 3 filedherewith,entitled'TLECma 
KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
MAINTENANCE FEATURES AND ENHANCED ANTI-MICROORGANISM 
1 0 CAPABILITY"; SHPR-0 1 028US6 

[0022] 21. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER WITH NON-EQUIDISTANT 
COLLECTOR ELECTRODES"; SHPR-0 1 04 1USQ and 

[0023] 22. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH A ENHANCED 
COLLECTOR ELECTRODE FOR COLLECTION OF MORE PARTICULATE MATTER". 
SHPR-0 1 04 1USS. 

[0024] All of the above are incorporated herein by reference. 

20 Field of the Invention: 

[0025] This invention relates generally to devices that produce an electro-kinetic flow of air, 
from which particulate matter has been substantially removed. 

Background o f the Invention- 

25 [0026] ^ eu seofanelectricmotortorotateafanbladetocreateanairflowhaslongbeen 
known in the art. Unfortunately, such fans produce substantial noise, and can present a hazard to 
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children whomaybe tempted to poke a finger or a pencil into the moving fan blade. Although such 
^sc^pioducesubsta*^^ 

required to operate the motor, and essentially no conditioning of the flowing air occurs. 

[0027] ftisknowntoprovidesuchfanswithaHEPA-compliantfilterelementtoremove 
particulatematterlargerthanpe^ 

by the filter element may require doubly 
airflow.Further,HEPA^^ 

portion of the sale price of a HEPA-compliant filter-fan unit. While such filter-fan units can 
condition the airbyremovinglargeparticles,particulatematter small enough to pass through the 
filter element is not removed, including bacteria, for example. 
[0028] ItisaI soknowninthearttoproducea^ 

which electrical power is directly converted into a flow of air without mechanically moving 
components. One such system is described in U.S. Patent No. 4,789,80 1 issued to Lee (1988), 
whichisincoiporatedhereinbyreference.'The'SOlpatentdescribes various devices to generate 
astreainofioni Z edairusingso-calledelectro-kmetictechnique S .m 

kinetic devices may be small enough to be handheld, and in other applications electro-kinetic 
devices may be large enough to condition the air in a room. In overview, electro-kinetic techniques 
use high electric fields to ionize air molecules, a process that may produce ozone (0 3 ) as a 
byproduct. Ozoneisanunstablemoleculeofoxygenmatiscommonlyproducedasabyproduct 
of high voltage arcing. In appropriate concentrations, ozone can be a desirable and useful 
substanc^ButozonebyitselfmaynotbeeffectivetokillnTi^ 
and viruses in the environment surrounding the device. 
[0029] Fig. 1 depictsagenericelecfro-k^ 

ahousing20mattypicallyhasatleastoneairinputport30 and at least oneairoutput port 40. 
Within housing 20 there is disposed an electrode assembly or system 50 comprising a first 

electrodearray60havingatleastone e lectrode70andcomprisingasecondelectrodearray80 
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havingatleastoneelectrode90.Systeml0furtherincludesahighvoltagegenerator95 
between the first and second electrode arrays. 

[0030] As a result, ozone and ionized particles of air are generated within device 1 0, and 
there is an electro-kinetic flow of air in the direction from the first electrode array 60 towards the 
5 secon delectrodearray80.mFig.U 

enter input port30. The small'Vs" denote particulate matter that may bepresentin the incoming 
ambient air. The air movement is in the direction of the large arrows, and the output airflow, 
denoted OUT, exits device 10 via port 40. An advantage ofelectro-ldnetic devices such as dev^^^ 
10 is that an airflow is created without using fans or othermoving parts to create the airflow. 

10 [0031J Preferably, particulatemattCTin^^ 

the second electrode aixay 80, wim me result mat me outflow (OUT) ofafr from device 1^ 
contains ozone and ionized air, but can be cleaner than the ambient air. Thus, device 1 0 in Fig. 1 
can function somewhat as a fan to create an output airflow, but without requiring moving parts. 
Ideallytheoutflowofair(OUT) is conditioned in that particulate matter is removed and the outflow 

1 5 includes appropriate amounts of ozone, and some ions. 

[0032] As shown in Fig. 2A, system 50 includes an array of first ("emitter") electrodes or 
conductivesurfaces70thatarespaced-a^^ 

electrodes or conductive surfaces 90. The positive terminal ofa generator such as, for example, 
pulse generator 95 that outputs a train ofhigh voltage pulses (e.g., 0 to perhaps + 5 KV) is coupled 
20 to the first array, and the negative pulse generator terminal is coupled to the second array in this 
example. It is to be understood that the arrays depicted include multiple electrodes, but that an 
array can include or be replaced by a single electrode. 

[0033] The high voltagepulses ionize the air between the arrays, and create an airflow from 
me first arraytowardmesecondarray.withoutrequiringanymovmgp^ 
15 in the air is entrained within the airflow and also moves towards the second electrodes 90. Much 
oftheparticulate matter 60 is electrostatically attracted to the surfaces ofthe second electrodes 90, 
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where it remains, thus conditioning the flow of air exiting system 50. Further, the high voltage field 
present between the electrode arrays can release ozone into the ambient environment, which can 
eliminate odors that are entrained in the airflow. 

[0034J In the particular embodiment of Fig. 2A, first electrodes 70 are circular in cross- 
section, having a diameter of about 0.003" (0.08 mm), whereas the second electrodes 90 are 
substantially larger in area and define a "teardrop" shape in cross-section. The ratio of cross- 
sectional radii of curvature between the bulbous front nose of me second electrode and the first 
electaxies exceeds 10:1. Asshown^ 

90facemefirstelecfrodes70,andmesome 

the airflow. The "sharp" trailing edges on the second electrodes 90 promote good electrostatic 
attachment of particulate matter entrained in the airflow. 

[0035] In another particular embodiment shown herein as Fig. 2B, second electrodes 90 are 
symmetrical and elongated m cross-section. The elongated trailing edges on me second electr^ 
90 provide increased area upon which particulate matter entrained in the airflow can attach. 
[0036] Whiletheelectrostatictechniquesdisclosedbythe'801 patent are advantageous 
over conventionalelectric fan-filter units, further increased air transport-conditioning efficiency 
would be advantageous. 



Summary of the Invention: 
20 [0037] Ana^ectofanemboomentoffoepr^^ 

system for transiting and conditioning air without moving parts. An embodiment includes an ion 
generator comprising first and second conducting electrodes or surfaces. The first and second 
electrodes are coupled to output ports of a high voltage generator. 

[0038] Another aspect of an embodiment of the present invention is to remove dust and 
otherparticulate matter from the airflow. The dust and particulate matter attaches electrostatically 
to the second electrodes, and the output air is substantially clean of such particulate matter. 
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[0039] Yet another aspect of the present invention is to produce ozone to reduce or kill 
certain types of germs and the like. Ozone is also beneficial for eliminating odors in the output air. 
An embodiment of the invention permits the user to temporarily increase the high voltagepulse 
generator output which creates more ozone, e.g., to more rapidly eliminate odors in the 
5 environment. 

[0040J Still another aspect of an embodiment of the present invention is to increase the 
airflow rate of the device while not increasing the amount ofozoneoutput into the atmosphere. An 
embodiment includes a second array of electrodes, or collector electrodes, where several of the 
second electrodes are recessed back, further away from the first array of electrodes. This 
1 0 configuration can reduce the amount ofhigh-voltage arcing within the ion generator, which can 
produce ozone. 

[0041] Other features and advantages of the invention will appear from the following 
description in which the preferred embodiments have been set forth in detail, in conjunction with 
the accompanying drawings, and also from the following claims. 

15 

Brief Description of the Drawings: 

[0042] FIG. 1 is a schematic of prior-art electro-kinetic device with an electrode assembly; 
[0043] FIGS. 2A-2B; Fig. 2A is apian view of afirst and second electrode arrays of a prior 
art electrode assembly, Fig. 2B is apian view of another embodiment of first and second electrode 
20 arrays according to a prior art electrode assembly; 

[0044] FIGS. 3A-3B; Fig. 3 A is a perspective view of an embodiment of the housing of the 
present invention; Fig. 3B is a perspective view of the housing shown in Fig. 3 A, illustrating a 
removable array of second electrodes; 

[0045] FIG. 4 is an electrical block diagram of an embodiment of the ion generator 
25 assembly, according to the present invention; 

[0046] FIGS. 5A-5D; Fig. 5A is a perspective view illustrating an embodiment for an 
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electnxieassembty^ 

inFig.5A;Fig.5Cisaperspectiveviewofanotherembodimentofan electrode assembly of the 
present invention; Fig. 5D is a plan view of yet another embodiment of an electrode assembly of 
the present invention; 

10047) FIGS. 6A-6F; Fig. 6A is a perspective view of an embodiment of the electrode 
assembly, according to the present invention; Fig. 6B is apian view of the embodiment illustrated 
in Fig. 6A; Fig. 6C is a perspective view of another embodiment of the electrode assembly, 

accordingtothepresentinvention;Fig.6Disaplanviewofanotherembodimentofthepresent 
invention; Fig. 6E is a perspective view of still another embodiment of the electrode assembly, 
according to the present invention; Fig. 6F is a plan view of an alternative embodiment of the 
invention; 

[0048] FIGS. 7A-7B; Fig. 7A is a perspective view of yet another embodiment of the 

elecfrodeassemblyaccorrt^^^ 

shown in Fig. 7A; 

15 [0049J FIGS. 8A-8C; Fig. 8A is a plan view of another embodiment of the electrode 
assemblyaccordingto the present invention; Fig. 8B is a plan view of yet another embodimentof 

thepresentinvention;Fig.8CisaplanviewofamodifiedembodimentofthatshowninFig.8B; 
[0050J FIGS. 9A-9B; Fig. 9A is a perspective view of stillanother embodiment of the 
electrode assembly; Fig. 9B is a perspective view of a modified embodiment of that shown in 
20 Fig. 9A; 

[0051] FIGS. 10A-10F;Fig. 1 OA is a plan view ofanother embodiment of the electrode 
assemblyof m epresentinvention;Fig.lOBisaplanviewofamodified embodiment of that shown 
in Fig. 10A; Fig. 10C is a plan view of yet another embodiment of the electrode assembly, 
accordmgtoftepresentmv^ 

inFig.lOC;Fig.lODisaplanviewofyetanotherembodimentoftheelectrodeassemblyofthe 
presentinvention;Fi g .10Fisaplanviewofamodifiedembodimentoftheelectrodeassemblyas 
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showninFig. 10E; 

[0052] FIGS. HA-llC;Fig. HA is a perspective view ofyet another embodiment of the 
electrode assembly ofthe present invention; Fig. 1 IB is aperspective view of another embodiment 
oftheelecfrodeassemblyofthep^ 

embodiment ofthe electrode assembly ofthe present invention; 

Detailed Description of th e. Preferred Frnbodiment 
Overall Air Transporter -Conditioner Device Config uration- 

[0053 J Figs. 3 A and 3B depict an electro-kinetic air transporter-conditioner system 100 

whose housingl02includespreferablyrear-locatedintakevents or louversl04 and preferably 
front located exhaust vents 1 06, and a b^ 

and/or upstandingly vertical and/or elongated. Internal to the transporter housing is an ion 
generating unit 1 60, preferably powered by an AC:DC power supply'that is energizable or 
excitableusmgswitchSl.S^ 

areconvenientlylocatedatthetopl03oftheunitl00.Iongeneratingunitl60isself-contained 
in thatotherambientair.nothingis required from beyond the transporter housing, save external 
operating potential, for operation ofthe present invention. 

[0054] Theuppersurfaceofhousing 102 includes a user-liftable handle member 112 to 
which isaffixedasecond array 240 ofcollector electrodes 242 within an electrode assembly 220. 
Elecfrode assembly 220 also comprises a first a^ 
elecfrodeshownhereasasmglewfreorwi^^ 

shaped" shall be used interchangeably herein to mean an electrode either made from a wire or, if 
tWckerorstifrerttanawfre^^ 

memberll2 lifts second array electrodes 240 upward, causing the second. electrode to telescope 
outofthetopofthehousingand, if desired, out ofunit 100 for cleaning, while the first electrode 
a J Tay230remamswithkumtl00.Asisevidentfrommef.gure,thesecondarmyo^ 
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beliftedverticallyout from the topl03ofunitl00alongthe longitudinal axis or direction of the 
elongat e dhousmgl02.TWsa^^ 

oftheunitlOO^aJcesiteasyfortheusertopullthesecondelectrodesoutforcte^ 

thebottomendsofs e cond e lectrodes242areconnectedtoarn e mberll3,towhichisattached 
amechanism 500, which includes a flexible member and a slot for capturing and cleaning the first 
electrode 232, whenever handle member 112 is moved upward or downward by a user. 

[0055J ^ e g^ralshapeoftheembodimentoftheinventionshowninFigs.3Aand3Bis 
that of a figure eight in cross-section, although other shapes are within the spirit and scope of the 
mvention.lhetop-tc^^ 

Im,withaleft-to-rightwidthofpreferablyl5cm,andafront-to-backdepthofperhapsl0cm, 
although other dimensions and shapes can of course be used. A louvered construction provides 
ample inlet and outlet venting in an economical housing configuration. There need be no real 

distinctionbetweenventsl04andl06,excepttheirlocationrelativetothesecondelectrodes. 
These vents serve to ensure that an adequate flow of ambient air can be drawn into or made 
availabletotheunitl00,and that an adequate flow ofionized air that includes appropriate amounts 
of 0 3 flows out from unit 100. 

[0056] ^ e &standsecondarraysofelectrodesarecoupledtotheoutputterminalsofion 

generatingunitl60,asbestseeninFig. 4. As will bedescribed, when unitlOO is energized with 

Sl.WghvoltageorWghpotentialou^^ 

wWchionsareattracted to theses 

clfrectioncameswim^^ 

ak The'W'notation inFigs. 3A an^ 

60. The "OUT' notation m the figu^^ 

particulatematter,wWchparticulatesmatteradhereselectrostatic^ 
elecfrodes-mmeprocessofgenera 

beneficially produced. It maybe desired to provide the inner surface of housing 102 with an 
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electrostatic shield to reduces detectable electromagnetic radiation. For example, ametal shield 
could be disposed within the housing, or portions of the interior of the housing can be coated with 
a metallic paint to reduce such radiation. 

[0057] As best seen in Fig. 4, ion generating unit 1 60 includes a high voltage generator unit 
170 and circuitry 180 for converting raw alternating voltage (e.g., 1 17 VAC) into direct current 
("DC") voltage. Circuitry 1 80 preferably includes circuitry controlling the shape and/or duty cycle 
of the generator unit output voltage (which control is altered with user switch S2). Circuitry 1 80 
preferably also includes a pulse mode component, coupled to switch S3, to temporarily provide 
a burst of increased output ozone. Circuitry 180 can also include a timer circuit and a visual 
indicator such as a light emitting diode ("LED"). The LED or other indicator (including, if desired, 
an audible indicator) signals when ion generation quits occurring. The timer can automatically halt 
generation of ions and/or ozone after some predetermined time, e.g., 30 minutes. 
[0058] The high voltage generator unit 1 70 preferably comprises a low voltage oscillator 
circuit 190 of perhaps 20 KHz frequency, that outputs low voltage pulses to an electronic switch 
200, e.g., a thyristor or the like. Switch 200 switchably couples the low voltage pulses to the input 
winding of a step-up transformer Tl . The secondary winding of Tl is coupled to a high voltage 
multiplier circuit 2 1 0 that outputs high voltage pulses. Preferably the circuitry and components 
comprising high voltage pulse generator 1 70 and circuit 1 80 are fabricated on a printed circuit 
board that is mounted within housing 1 02. If desired, external audio input (e.g., from a stereo tuner) 
could be suitably coupled to oscillator 1 90 to acoustically modulate the kinetic airflow produced 
by unit 1 60. The result would be an electrostatic loudspeaker, whose output airflow is audible to 
the human ear in accordance with the audio input signal. Further, the output air stream would still 
include ions and ozone. 

[0059] Output pulses from high voltage generator 1 70 preferably are at least 1 0 KV peak- 
to-peak with an effective DC offset of, for example, half the peak-to-peak voltage, and have a 
frequency of, for example, 20 KHz. Frequency of oscillation can include other values, but 
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frequencyofatleastabout20KHzispreferTedasbeinginaudibletohumans.Ifpete 
same room as the unit 1 00, it maybe desired to utilize and even higher operating frequency, to 
preventpet discomfort and/or howlmgbymepet.Thepulse train outputpreferablyhasaduty cycle 
offor example 10%, which will promote battery lifetime iflive current is not used. Of course, 
5 diffCTe ntpeak-peakamplimdes,DCoffsets,pulsetramwaveshapes,duty 

frequencies can be used instead. Indeed, a 100% pulse train (e.g., an essentially DC high voltage) 
maybeused, albeit with shorter battery lifetime. Thus, generator unit 170 for tWsemlxxliment can 
be referred to as a high voltage pulse generator. Unit 170 functions as a DC:DC high voltage 
generator, andcouldbe implemented using other circuitry and/or techniques to output high voltage 
1 0 pulses that are input to electrode assembly 220. 
[0060] Asnoted,outflow(OTJT)prefe^ 

removeodors and preferablydestroyoratleastsubstantiallyalterbacteria, germs, and other living 
(or quasi-living)matter subjected to theoutflow. Thus, when switch SI is closed and the generator 
170has sufficient operating potential, pulses from high voltage pulse generator unit 170 create an 
outflow (OUT) of ionized air and ozone. When SI is closed, LED will visually signal when 
ionization is occurring. 

[0061 ] Preferably operating parameters of unit 100 are set during manufacture and are 
generallynotuser-adjustable.^ 
peak-to-peakoutputvo^ 

mcreasemeairflow ra te,ioncontent,andozonecontent.Theseparametersc M 
byadjustingswitch S2 as disclosed below. In me prefen-ed embodiment, output flowrate is about 
200 feet/minute, ion content is abou't 2,000,000/cc and ozone content is about 40 ppb (over 

ambient)toperhaps2,000ppb(overambient).Decreasmgtheratioofmeradiusofthenoseof 
the second electrodes to the radius of the first electrode or decreasing the ratio of the cross- 
sectioned area of the second electrode to the first electrode below about 20: 1 will decrease flow 
rate, as will decreasing the peak-to-peak voltage and/or duty cycle of the high voltage pulses 
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coupled between the first and second electrode arrays. 

[0062] ^Practice.unitlOOisplacedinaroomandconnectedtoanappropriatesourceof 
opemtmgpotential,^^ 

ionized air and preferably some ozone via outlet vents 106. The airflow, coupled with the ions and 
ozonefreshens the airintheroom, and the ozone can beneficially destroy or at least diminish the 
undesired effects of certain odors, bacteria, germs, and the like. The airflow is indeed electro- 
kinetically produced, in that there are no intentionally moving parts within unit 100. (Some 
mechanical vibration may occur within the electrodes.). 

[0063] Havingdescribedvariousaspectsofthisembodimentoftheinventioningeneral, 
preferred embodiments of electrode assembly 220 are now described. In the various embodiments, 
electrode assembly 220 comprises a first array 230 ofat least one electrode or conductive surface 
232,andfurmercomprisesasecondarray240ofatleastoneelectrodeorcondurt 
Understandably materials for electrodes 232 and 242 should conduct electricity, be resistant to 
corrosive effects from the application of high voltage, yet be strong enough to be cleaned. 
15 [0064] hthevariouselectrodeass^^ 

electrodearray 230 are preferably fabricated from tungsten. Tungsten is sufficientlyrobust in order 
to withstandcleaning,hasahighmeltingp 0 intto retard breakdown due to ionization, and has a 
rough exterior surface that seems to promote efficient ionization. On the other hand, electrodes 242 
preferablyhaveahighlypolished exterior surface to mimmize unwanted point-to-point radiation. 
As such, electrodes 242 preferably are fabricated from stainless steel and/or brass, among other 
materials. The polished surface ofelectrodes 232 also promotes ease of electrode cleaning. 
[0065] Incontrasttothepriorartelectrodesdisclosedbythe '801 patent, electrodes 232 
and 242, are light weight, easy to fabricate, and lend themselves to mass production. Further, 
electrodes 232 and 242 described herein promote more efficient generation of ionized air, and 
appropriate amounts of ozone, (indicated in several of the figures as 0 3 ). 
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Electrode Assembly with First and Second F.tectrn^c- 
Figs. 5A-5D 

[0066] Figs. 5A-5B illustrate various configurations of the electrode assembly 220. The 
electrodeass e mbly220comprisesafirst array 230 of wire electrodes 232-1, 232-2, and 232-3 

5 ( c o"^ivelyreferredtoas"electrodes232-^andasecondarray240ofgenerally»U'^shaped 
electrodes 242-1, 242-2, 242-3, and 242-4 (collectively referred to as "electrodes 242"). In 
preferredembodiments.menumberNlofelecrrod^ 
differbyonerelativeto^^ 

• of the embodiments shown, N2>N1 . However, additional first electrodes 232 could be added 
1 0 (e.g., electrodes 232-4, 232-5, etc.) such that Nl >N2. 
[0067] E kctrodes232axe P ^^^ 
'Tr-shapedelectrodes242arefo^ 

orothersheetmetalcouldbe used. Thesheetmetal is formed to define side regions 244 anda 
roundednoseregi 0 n246.Whileparticulatematter(notshown)ispresentm^ 
15 *eoutflow(OTJT)airi SS ubs^^^ 

largesurfaceareaprovidedbythesecondelectrodes242.Theout P utair m ay,ormayr^^^^ 



ozone. 
[0068] 



As best seen in Fig. 5B, the spaced-apart configuration between the arrays is 
prefemblystagger^ 

20 second array electrode 242. This symmetrical staggering has been found to be an especially 
efficientelectrode^ 

electrodes 232 or adjacent electrodes 242 are spaced-apart a constant distance, Yl and Y2 
respectively wimAe electrodes 232 preferably centered betwe^ 
a non-symmetrical configuration is within the spirit and scope of this invention. 
25 [0069] In Figs. 5A-5B, typical dimensions are as follows: diameter of electrodes 232 is 
about 0.08 mm, distances Yl and Y2 are each about 16 mm, distance XI is about 16 mm, 
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distance L is about 20 mm, and electrode heights Z 1 and Z2 are each about 1 m. The width W of 
electrodes 242isprefmblyabo* 

242 are formed is about 0.5 mm. Of course, other dimensions and shapes could be used. It is 
preferred thatelectrodes 232 besmall in diameter to help estabhsh a desired high voltage field. On 
the other hand, it is desired that electrodes 232, as well as electrodes 242, be sufficiently robust 
to withstand occasional cleaning. 

[0070] Fig. 5B illustrates theoretical electric field lines that ions will travel along fiom a first 

electrode232toasecondelectrode242.Inthisconfiguration,ionsstrikethesecondelectrode 
242-2 along two paths, as shown by directional flow paths B and C. Similarly, ions strike the 
second electrode 242-3 along two flow paths, as shown by directional flow paths D and E. The 
second electrodes 242-1 and 242-4 attract ions primarily only along a single path, as shown by 
directional flow paths A and F, respectively. 

[00711 AsshowninFig. 5B, the directional flow of ions emitted trom the first electrode 232 

contactthenosearea246ofthesecondelectrode242.Ahigheramountofenergyis generated 
at the nose 246 than the trailing sides 244 of each second electrode 242. Thus, the second 
electrodes 242-2, 242-3 generate upwards of about twice as much energy as the second 
electrodes 242-1 , 242-4 since they receive ions from two flow paths instead of one. Accordingly, 
each second electrode will nothave a similar electric field at the nose 246. In this embodiment, 
thesecondelectrodes 242-2, 242-3 will have a similar strength, andbe higher than thesecond 
electrodes 242-1, 242-4. Thus, the array of second electrodes 240 will have an unbalanced 
electrical field at each nose 246. As a result, the second electrodes 242-2, 242-3 may generate a 
higher amount of ozone than the second electrodes 242-1, 242-4. 

[0072] Each electrode 232 in the first array 230 is coupled by a conductor 234 to a first 
(prefe ra blypositive)outputportofhighvoltagepulsegeneratorl70,andeachelectrode242in 

thesecond array 240 is coupled by a conductor 249 to a second (preferably negative) output port 
ofgeneratorHO.Itisrela^ 
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is made to conductors 234 or 249. By way of example only, Fig. 5B depicts conductor 249 
making connection with some electrodes 242 internal to the nose end 246, while other electrodes 
242 make electrical connection to conductor 249 elsewhere on the electrode. An electrical 
connection to the various electrodes 242 could also be made on the electrode external surface 
providingno substantial impairment of me outflow airsfr^ 
to be preferable that the connection is made internally. 
[00731 fo ^ s ^dtheomerembodimentstobed 

occurattheelectrode232inthef I r S telectrodearray230,wimozoneproductionoccurringasa 
funcuonoflrighvoltage^^ 

dutycycleofthepulsesfrommeWghvoltagepulsegeneratornOcanincreaseozonecontem 
the output flow of ionized air. If desired, user-control S2 can be used to somewhat vary ozone 
contentbyvarying(inan appropriate manner) amplitude and/or duty cycle. Specific circuitry for 
achieving such control is known in the art and need not be described in detail herein. 
[0074J NotetheinclusioninFigs.5A-5Bofatleastoneoutputcontrollingelectrode243 ) 
preferably electrically coupled to the same potential as the second array electrodes 242. Electrode 
243 preferably defines a pointed shape in side profile, e.g., a triangle. The sharp point on 
electrodes 243 causes the generation ofsubstantial negative ions (since the electrode is coupled 
torelativelynegativehighpotential).Thesenegativeionsneutrafe^ 
present m me output ahflow, su^^ 

preferably are stainless steel, copper, or other conductor, and areperhaps 20 mm high and about 
1 2 mm wide at the base. 

[0075] In Fig. 5C and the figures to follow, the particulate matter is omitted for ease of 
i"ust ra tion.However,fromwhatwasshowninFigs.5A-5B,particulate matter will bepresentin 
the incoming air, and will be substantially absent from the outgoing air. As has been described, 
particulate matter 60 typically will be electrostatically precipitated upon the surface area of 
electrodes 242. 
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I0076J Asdi scussedaboveandasdepictedbyFig.5CJtisrelativelyunimporta n twhere 

onanelectrodeairayelectricalconnectionismade.Thus 5 firstarTayelectrodes2 

electricallyconnectedtogetherattheirbotto m regionsbyconductor234 > wh^ 

electrodes242areshownelectricallyconnectedtogetherin their middle regions by the conductor 

5 249 B ^array Sm aybeconnectedto g etherin m orethanoneregion,e.g.,atmetop^ 

bottomJtispreferredthatthewireorstripsorofterinter-connectingmechan 
b*nom,orperipheryofthesecond^^^ 

movement through the housing 210. 

[0 ° 771 11 " n ° ted that the e "*odiments of Figs. 5C and 5D depict somewhat truncated 
10 v^onsofmesecondelec^ 

5Bwasabout20nun,mFi gS .5Cand5D,Lha S beenshortenedtoabout8nu n .Om^ 
inFig.5Cpreferablyaresimilartothosestated for Figs. 5A and 5B. It will be appreciated that the 
confi ^onofsecondeIe^ 

^•^AandSB.byvirtueoftheshortertmilmgedgegeome^ 

15 ^edgeometryforthefirstandsecondelectrodearraysispreferred^ 
Fig. 5C. 

[0078] ht heembodimentofFig.5D,theoutennostsecondelectrodes,denote^ 
242-4,havesubsta J1 tiallynooutermosttrail m gedges.DimensionLinFig.5D 
3 mm, and other dimensions may be as stated for the configuration ofFigs.SA and 5B. Again, the 
20 rati °oftheradiusorsurfaceareasbetweenmefirstelectrode232and 
for the embodiment of Fig. 5D preferably exceeds about 20:1. 

Electrode Assembly with Recesse d/Non-Rnmdktant <^ ond FAec1rn(]pQ . 
100791 Havm S d ^bed various a^^^ 
25 of electrode assembly 220 will now be described. 
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FIGS. 6A-6F 

[0080] Figs. 6A-6B illustrate an electrode assembly 220 including a first array 230 of wire- 
shaped electrodes 232-1, 232-2, and 232-3 (collectively referred to as "electrodes 232"), and a 
second array 240 of generally "U"-shaped electrodes 242-1 , 242-2, 242-3, and 242-4 (collectively 
5 referred to as "electrodes 242"). In this configuration, the second electrodes 242-2, 242-3 are 
located further "downstream" than second electrodes 242-1 , 242-4. Thus the electrodes positioned 
in the middle of the array are removed further downstream than the electrode and the outer edges 
of the array. Preferably, the second electrodes 242-2, 242-3 are located the same distance away 
from the first array 230, as shown by the distance X2. For example, the second electrodes 242-1, 

10 242-4 are located a distance XI downstream from the first electrodes 232, while the second 
electrodes 242-2, 242-3 are located a distance X2 downstream from the first electrodes 232. By 
way of example only, X2 is preferably 4mm to 6 mm longer than X 1 . The distance X2 can also 
be 2mm to 12mm larger than XI . The distance X2 is preferably greater than XI so that the 
strength of the electric field generated at the nose 246 of each second electrode 242 is substantially 

1 5 similar. Accordingly, this configuration will produce lower amounts of ozone than the embodiment 
shown in Figs. 5 A-5B. It is within the spirit and scope of the invention for X2 to be longer or 
shorter. 

10081 J Fig. 6B illustrates theoretical ion directional flow paths A, B, C, D, E, and F. Each 
ion flow path A-F generally represents the path ions travel from a first electrode 232 to a second 
electrode 242. As previouslymentioned, each second electrode 242 generates an electric field 
primarily at the nose 246, and is proportional to the quantity of ions that contact the electrode and 
the distance the ions travel before reaching the second electrode 242. Ions are emitted from the 
first electrodes 232. Ions lose the electrical charge as a function of time. Accordingly, an ion that 
travels a short distance, for example XI , will generate a stronger electrical field when it contacts 
the nose 246 than an ion that travels a distance X2 before contacting the nose 246. 
10082] The second electrode 242-2 primarily receives ions along flow paths B, C, while the 
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secondelect^^^ 
electrodes242wereI^^^ 

mF 1 gs.5A-5B,astro„gerelectricalfieldwilloccuratthenose246ofsecondele^ 

242-3because these ^second electrodes collect substantiaHymore ions as electrodes 242-/ 
242-4. 

[0083] ^distanceX2ispreferabl y greaterthanXlsothatth^ 

generated at the nose 246 of each second electrode 242 is substantia,* s i mi ,ar. ^second 
electrodes 242-2, 242-3 still receive more ions than the second electrodes 242-1 242-4 

However, t headdi t ionaldi S tanceeachion m usttrave, > sho W nbyX2-X,,willsu^ 

theadditionalnun.berofionsreceived.Accordin^y,^ 

of ozone than the embodiment shown in Figs. 5A-5B 

10084] Rg^Cillustratesapreferredconfigurationofme^ 

seconde,ectrode S 242-2and242-3arerecesseddownstreamadi S tanceX21romthe^ 

230,wh 1 chme S econde,ectrodes242-land242-4rema 1 nadistanceXldownstreamof^ 

arra y ofelectrodes230.SimilartotheembodimentshowninFi g ,5A-5B,the S econde^^ 
242-2 and 242-3 receive substantially more ions than the second electrodes 242-1 or 242-2 

However,thestrengthofmee,ectricneldgene ra tedatmenose246ofeachs^ 

-preferablysimi^becauseoftheadditionaldistanceeachionmust^ 
electrodes 242-2 and 242-3. 

I0O851 Rg.aDiltetratesaprefen^configuraUonofAeembodimentshowninFig 5D 
Again, *"eco„de l ec 1 nxle S 242. 2 a„d242.3a re ^ dowffitr ^ adistanceX2ftomt|ie 

ftsla Ira y230,whi c ha 1 eseco„de.e« ro< i«24M a„d242-4re m ai„adis.anceX l dowuaream 
ofte toa my „fe,ec^ ra 230.SM.ar l „ fll eemb^ m « sh( ™ inF ^ 5A . 5B> ^^ 

242-2. However, fte s.reng.h of the elearic fie,d generated a, U,e nose 246 of each second 
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the recessed electrodes 242-2 and 242-3. 

[0086] Figs. 6E-6F illustrate that the second electrodes 242 may have angled or corrugated 
extensions 294. Preferably, the tail 294 is a non-linear configuration, having an effective width W 
greater than the width W (see Fig. 5B) of the second electrode 242. In Fig. 6E the trailing 
5 downstream portion is provided at an angle to the leading, upstream or nose portion. Thus, the 
extension 294 provides a wider structure than the nose 246 of the second electrode 242. The 
extensions 294 enhance the particle capture efficiency of the electrode assembly 220. 
[0087J In general, larger airborne particles (e.g., one micron and larger) tend to have their 
own significant forward momentum in the air stream. A "LT'-shaped second electrode 242 without 
10 anangledbladeextension294,asshowninFig. 5A, might allow a larger particle to pass through 
the electrode assembly 220 uncaptured. The momentum of the particle may prevent it from 
contacting the trailing edges of the second electrode 242. The increased width W of the angled 
extension 246 is intended to capture the larger particles. For example, if the larger particle passes 
by the trailing side 244 of the second electrode 242 uncaptured, but the particle is within W of the 
trailmg sides 244, me particle ^ ^ 
oftheinvention for the extension 246 to compriseothernon-linear shapes and configurations such 
as, butnotlimitedto,a"U"-shape, an "L"-shape,aZ-shape,ashapewithafirst upstream portion 
and a second down stream portion provided at an angle to the upstream portion, and a shape with 
a tail section that is wider in the stream of airflow than the upstream, leading or nose portion. Tail 
20 s ^tions294canbedirectedinthesamedirectionandbeparallelasdepicted,orm^ 

can be configured to diverge from each other in order to form a "V" or a "Y" configuration 
adjacent to the outlet vent. Thus the upper tail sections 294 as shown inFig.6E are madeto point 
upwardly on thepage, with the lower two tail sections 294 remaining pointing downwardly on the 
page. 

25 
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Electrode Assemblywith Recessed/Non-E quidistant Second Electrodes and an Up stream Focus 
Electrode : 



FIGS. 7A-7B 

5 

[0088] The embodiments illustrated in Figs. 7A-7B are somewhat similar to the previously 
described embodiments in Figs. 6A-6B. The electrode assembly 220 includes a first array of 
electrodes 230 and a second array of electrodes 240. Again, for this and the other embodiments, 
the term "array of electrodes" may refer to a single electrode or a plurality of electrodes. 

1 0 Preferably, the number of electrodes 232 in the first array of electrodes 230 will differ by one 
relative to the number of electrodes 242 in the second array of electrodes 240. The distances L, 
XI , Yl , Y2, Zl and Z2 for this embodiment are similar to those previously described in Fig. 5A. 
[0089] As shown in Fig. 7A, the electrode assembly 220 preferably adds a third, or leading, 
or focus, or directional electrode 224a, 224b, 224c (generally referred to as "electrode 224") 

1 5 upstream of each first electrode 232-1, 232-2, 232-3. The focus electrode 224 produces an 
enhanced airflow velocity exiting the devices 1 00. In general, the third focus electrode 224 directs 
the airflow, and ions generated by the first electrode 232, towards the second electrodes 242. 
Each third focus electrode 224 is a distance X3 upstream from at least one of the first electrodes 
232. The distance X3 is preferably 5-6 mm, or four to five diameters of the focus electrode 224. 
20 However, the third focus electrode 224 can be further from or closer to the first electrode 232. 
(0090] The third focus electrode 224 illustrated in Fig. 7A is a rod-shaped electrode. The 
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third focus electrode 224 can also comprise other shapes that preferably do not contain any sharp 
edges. The third focus electrode 224 is preferablymanufactured from material that will not erode 
or oxidize, such as stainless steel. The diameter of the third focus electrode 224, in a preferred 
embodiment, is at least fifteen times greater than the diameter of the first electrode 232. The 
5 di ^eterofthethirdfocuselectrode224canbeiargerorsmaller.Thediamete^ 

electrode 224 is preferably large enough so that third focus electrode 224 does not function as an 
ion emitting surface when electrically connected with the first electrode 232. The maximum 
diameterofthethirdfocuselectrode224issomewhat constrained. As the diameter increases, the 
thfrd focus elecfrode 224 will be^ ^ 
10 *ediameterofthethiidelec^^ 

surface and airflow properties of the unit 100. 

[0091] In a preferred embodiment, each third focus electrodes 224a, 224b, 224c are 
electricallyconnectedwiththe first array230 and the high voltage generator 170 by the conductor 
234.As shown inFig.7A, the third focus electrodes 224 are electrically connected to the same 
positive outlet of the high voltage generator 170 as the first array 230. Accordingly, the first 
electrode 232 and the third focus electrode 224 generate a positive electrical field. Since the 
electrical fields generated by the third focus electrode 224 and the first electrode 232 are both 
positive, thepositive field generated by the third focus electrode 224 can push, or repel, or direct, 
the positive field generated by the first electrode 232 towards the second array 240. For example, 
thepositivefieldgeneratedbythethirdfocuselectrode224awillpush,orrepel,ordirect,the 
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positive field generatedby the first electrode 232-1 towards the second airay 240. Ingeneral,the 
third focus electrode 224 shapes the electrical field generated by each electrode 232 in the first 
array 230. This shaping effect is believed to decrease the amount of ozone generated by the 
electrode assembly 220 and increases the airflow of the unit 100. 

[0092] ™ e P^cleswithinmeairflowarepositivelychargedbymeionsgene ra tedby^ 

firstelectrode232.A S previouslymentioned,mepositivelychargedp^ 

negatively charged second electrodes 242. The third focus electrode 224 also directs the airflow 

towards me second electrodes 242 by g^^^^^ 

of each second electrode 242. It is believed that the airflow will travel around the third focus 
electnode224,paitialIyfocu S mgmeairflowtowara^ 

rate of the electrode assembly 220. , 
[0093] TtaaWfccMek*^ 

first electrode 232. By way of example only, a third focus electrode 224b is located directly 
upstreWmefirstelec^ 

andsyn^etricallyalignedwimmefirstelec^ 

line B is located midway between the second electrode 242-2 and the second electrode 242-3. 
Alternatively, a third focus electrode 224 can also be located at an angle relative to the first 
electrode 232. For example, a third focus electrode 224a can be located upstream of the first 
electrode 232-1 along a line extending from the middle ofthe nose 246 of the second electrode 
242-2throughmecenterofmefirstelectrode232-l > asshownbyextens^ 
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electrode224aisin-lineandsyTnmetricallyali^ 

line A.Similarly,thethirdelectrode224cislocated upstream to the first electrode 232-3 along a 
lineextendingfromthemiddleof^ 

electrode 232-3, as shown by extension line C. The third focus electrode 224c is in-line and 
5 ^tfcallyalignedwi 

ofthepre S entinventionfortheele C trodeassembly220to include third focus electrodes 224 that 
are both directly upstream and at an angle to the first electrodes 232, as depicted in Fig. 7A. 
[0094] Again, as with the prior embodmients, the innermost second electrodes 242-2 and 
242-3 are recessed back from the first array of electrodes 230, and receive the advantages 
1 0 previously disclosed. 

FIGS. 8A-8D 

[0095] Fig-SA-SBillustmtes^ 

230 having three wire-shaped first electrodes 232-1, 232-2, 232-3 (generally referred to as 
15 " elec ^e232^^ 

242-1, 242-2, 242-3, 242-4 (generally referred to as "electrode 242"). Each electrode 232 is 
electricallyco™^ 

electrodes 242 are electrically connected to the high-voltage generator 170 in the middle to 

illustratematmeru,tandsecondelectrode S 232,242canbeelectri 
20 locations. 
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[0096] The second electrode 242 in Fig. 8A is a similar version of the second electrode 242 
shown inFig.5C.ThedistanceLhasbeen shortened to about 8mm, while the other dimensions 
XI, Yl, Y2, Zl, Z2 are similar to those shown in Fig. 5A. 

[0097] At ^dleadingorfocuselectrode224islocatedupstreamofeachfirstelectrod^ 
232.Thei M ermosttWrdfocusd^ 

232-2, as shown by extension line B. Extension line B is located midway between the second 
electrodes 242-2,242-3. The third focus electrodes 224a, 224c are at an angle with respect to 
thefirstelectrodes232-l,232^^ 

firstelectrode232-lalongalmeextendmgmDmmenuddle 

242-2extendingthroughthecenterofthe first electrode 232-1, as shown by extension line A. The 
third electrode 224c is located upstream ofthe first electrode 232-3 along a line extending from 
thecenterofthenose246of^ 

232-3, as shown by extension line C. Accord 

relative to the first electrodes as an aid for directing the flow of ions and charged particles. 
[0098] Fig. 8B illustrates third focus electrodes 224 added to the electrode assembly 220 
shown in Fig. 5D. Preferably, a third focus electrode 224 is located upstream of each first 
electrode232.Forexample,metlurdfocuselec^ 

the first electrode 232-2, as shown by extension line B. Extension line B is located midway 
between the second electrodes 242-2, 242-3. The third focus electrode 224a is in-line and 
syrnmetricallyalignedwi^ 
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thirdelectrode224cisin-lineandsymmetricallyalignedwiththefi re ^ 

byextensionlineC. Extension linesA-C extend from the middle ofthe nose 246 of the "U"-shaped 
second electrodes 242-2, 242-3 through the first electrodes 232-1, 232-3, respectively. In a 
preferred embodiment, the third electrodes 224a, 224b, 224c with the high voltage generator 170 
by the conductor 234. This embodiment can also include a pair of third focus electrodes 224 
upstream of each first electrode 232. 

[0099] Fig. 8C illustrates pairs of third focus electrodes 224 added to the electrode 
assembly 220 shown in Fig. 5D. Preferably, a pair of third focus electrodes 224 are located 
upstream of each first electrode 232. For example, the pair of third focus electrodes 224b and 
224b' are in-line and symmetrically aligned with the first electrode 232-2, as shown by extension 
line B. Extension line B is located midway between the second electrodes 242-2, 242-3. The pair 
of third focus electrodes 224a and 224a' are in-line and symmetrically aligned with the first 
electrode 232-1 , as shown by extension line A. Similarly, the pair of third electrodes 224c and 
224c' are in-line and symmetrically aligned with the first electrode 232-3, as shown by extension 
line C. Extension lines A-C extend from the middle ofthe nose 246 ofthe "IT-shaped second 
electrodes 242-2, 242-3 through the first electrodes 232-1 , 232-3, respectively. Inapreferred 
embodiment, only the third electrodes 224a, 224b, 224c are electrically connected to the high 
voltage generator 170 by the conductor 234, and the third electrodes 224a', 224b', and 224c' 
have a floating potential. 

20 [0100J In the embodiment of Figs. 8A-8C, the middle second electrodes are recessed a 
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distanceX2 downstream for the reasons stated in theprevious embodiments. Again, as with the 
prior embodiments, the innermost second electrodes 242-2 and 242-3 are recessed back from the 
first array of electrodes 230, and receive the advantages previously disclosed. 

FIGS. 9A-9R 

[0101] The previously described embodiments of the electrode assembly 220 disclose a 
rod- shaped third focus electrode 224 upstream of each first electrode 232. Fig. 9A illustrates an 
altemativeconfigurationforme^ 

assembly 220 may include a "U"-shaped or possibly "L"-shaped third focus electrode 224 

upstreamofeachfirstelectrode232.Furtherthethirdfocuselectrode224canhaveoto 
configurations such as, but not limited to, circular-shaped, elliptical-shaped, and other concave 
shapes facing the first electrode 232. In a preferred embodiment, the third focus electrode 224 has 
holes225extendingthrough,formingaperforated surface to minimize the resistance of the third 
focus electrode 224 on the airflow rate. 

15 [01 02] In apreferred embodiment, the third focus electrode 224 is electrically connected 
to the high voltage generator 170 by conductor 234. The third focus electrode 224 inFigs. 9A-9B 
is preferably not an ion emitting surface. Similar to previous embodiments, the third focus electrode 

224 generatesapositiveelectricfieldandpushesorrepelsmeelectricfield generated by the first 
electrode 232 towards the second array 240. 

[01 03] Fig. 9A illustrates that a perforated "IT-shaped third focus electrode 224 can be 
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incorporated into the electrode assembly 220 shown in Fig. 5A. Even though only two 
configurations of the electrode assembly 220 are shown with the perforated "U"-shaped, or 
parabolic shaped, third focus electrode 224, all the embodiments described inFigs 6A-13 may 
inco ^temer^ 0 ^ 

withmmescopeofmemv^ 

focuselectrodes224upstreamofeachf,rstelectrode232.Further,inother embodiments, the 
"U"-shaped third focus electrode can be made of a screen or mesh. 

10104] Fig-9Billustratesthirdfocuselectrodes224similartothosedepictedinFig.9A, 
exceptthatthethirdfo^ 

tothefirstelectrodes232inordertofocusanddirectthef,eldofionsandairflowf ro ^ 
electrode232toward theses 

9A-9Bare located along extension lines A, B,C similar to previously described embodiments. 
[0105] A g^aswimmepriorembodiments,meimiermostsecondelectrodes242-2^^ 
242-3 are recessed back from the first array of electrodes 230, and receive the advantages 
15 previously disclosed. 



Electrode Assemblies With Various Comb ination of Focus FlectrnH e , Traill FWt^ 
Second Ele ctrodes With P rotective Fnrk- 
Figs. lOA-IOD 

101061 Rg - 10A il,ustrates 311 ele <*-ode assembly 220 that includes a first array of 
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electrodes 230 having two wire-shaped electrodes 232-1, 232-2 (generally referred to as 
"electrode 232") and a second array of electrodes 240 having three "U"-shaped electrodes 242-1 , 
242-2, 242-3 (generally referred to as "electrode 242"). This configuration is in contrast to, for 
example, the configurations ofFig. 8 A, wherein there are three first emitter electrodes 232 and four 
second collectorelectrodes 242. Upstream from each first electrode 232, at a distance X2, is a 
third focus electrode 224. Each third focus electrode 224a, 224b is at an angle with respect to a 
first electrode 232. For example, the third focus electrode 224a is preferably along a line extending 
from the middle of the nose 246 of the second electrode 242-2 through the center of the first 
electrode 232-1 , as shown by extension line A. The third focus electrode 224a is in-line and 
symmetricallyahgn^ along extension line A Similarly, the third focus 

electrode 224b is located along a line extending from middle of the nose 246 of the second 
electrode242-2 through the center of the first electrode 232-2, as shown by extension lineB. The 
thfrdfocus electrode 224bism-lmeandsymmem-^ 

extension line B. As previously described, the diameter of each third focus electrode 224 is 
preferablyatleast fifteen times greater than the diameterofthe first electrode232.AsshowninFig. 
1 OA, and similar to the embodiment shown in Fig. 5B, each second electrode preferably has a 
protective end 241 . In a preferred embodiment, the third focus electrodes 224 are electrically 
connected to the high voltage generator 170 (not shown). It is within the spirit and scope of the 
invention to not electrically connect the third focus electrodes 224. 
[0107] K&10BiUustateslhatmiriti^ 
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of each first emitter electrode 232. For example, the third focus electrode 224a2 is in-line and 
symmetrically aligned with the third focus electrode 224al along extension line A. Similarly, the 
third focus electrode 224b2 is in-line and symmetrically aligned with the third focus electrode 
242bl along extension line B. It is within the scope of the present invention to electrically connect 
all, or none of, the third focus electrodes 224 to the high-voltage generator 1 70. In a preferred 
embodiment, only the third focus electrodes 224al , 224b 1 are electrically connected to the high 
voltage generator 170, with the third focus electrodes 224a2, 224b2 having a floating potential. 
(01 08] Fig. 1 0C illustrates that the electrode assembly 220 shown in Fig. 1 OA may also 
include a trailing electrode 245 downstream of each second electrode 242. Each trailing electrode 
245 is in-line with the second electrode so as not to interfere with airflow past the second electrode 
242. Each trailing electrode 245 is preferably located a distance downstream of each second 
electrode 242 equal to at least three times the width W of the second electrode 242. Other 
distances are within the scope of the invention. It is within the scope of the present invention for 
the trailing electrode to by located at other distances downstream. The diameter of the trailing 
anode 245 is preferably no greater than the width W of the second electrode 242 to limit the 
interference of the airflow coming off the second electrode 242. 

(01 09] One aspect of the trailing electrode 245 is to direct the air trailing off the second 
electrode 242 and provide a more laminar flow of air exiting the outlet 260. Another aspect of the 
trailing electrode 245 is to neutralize the positive ions generated by the first array 230 and collect 
particles within the airflow. As shown in Fig. 1 0C, each trailing electrode 245 is electrically 
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connected to a second electrode 242 by a conductor 248. Thus, the trailing electrode 245 is 
negatively charged, and serves as a collecting surface, similar to the second electrode 242, attracts 
the positively charged particles in the airflow. As previously described, the electrically connected 
trailing electrode 245 also emits negative ions to neutralize the positive ions emitted by the first 
5 electrodes 232. 

[0110] Fig. 1 0D illustrates that a pair of third focus electrodes 224 may be located upstream 
of each first electrode 232. For example, the third focus electrode 224a2 is upstream of the third 
focus electrode 224al so that the third focus electrodes 224al, 224a2 are in-line and 
symmetrically aligned with each other along extension line A. Similarly, the third focus electrode 

1 0 ' 224b2 is in line and symmetrically aligned with the third focus electrode 224bl along extension line 
B. As previously described, preferably only the third focus electrodes 224al, 224bl are 
electrically connected to the high voltage generator 170, while the third focus electrodes 224a2, 
224b2 have a floating potential. It is within the spirit and scope of the present invention to 
electrically connect all, or none, of the third focus electrodes to the high voltage generator 1 70. 

15 [01 1 1 J Again, as with the prior embodiments, the innermost second electrode 242-2 is 
recessed back from the first array of electrodes 230, and receives the advantages previously 
disclosed. 

Electrode Assemblies With Second Collector Electrodes Having Interstitial Electrodes: 
20 [0112] Fig. 10E illustrates another embodiment of the electrode assembly 220 with an 
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interstitial electrode 246. In this embodiment, the interstitial electrode 246 is located midway 
between the second electrodes 242. For example, the interstitial electrode 246a is located midway 
between the second electrodes 242-1, 242-2, while the interstitial electrode 246b is located 
midway between second electrodes 242-2, 242-3. Preferably, the interstitial electrode 246a, 
5 246b are electrically connected to the first electrodes 232, and generate an electrical field with the 
samepositiveornegativechargeas the first electrodes 232. The interstitial electrode 246 and the 
first electrode 232 then have the same polarity. Accordingly, particles traveling toward the 
mterstitial elects 

244 of the second electrodes 242. Alternatively, the interstitial electrodes can have a floating 
10 potential or be grounded. 

[0113] Itist °beunderstoodthatinterstitialelectrodes246a,246bmayalsobecloserto 
one second collector electrode than to the other. Also, the interstitial electrodes 246a, 246b are 
preferably located substantially near or at the protective end 241 or ends of the trailing sides 244, 
asdepictedinFi g .10E. Still norther the interstitial electrode can be substantially locatedalonga 
linebetweenthetwotrailingportionsorendsofthesecondelectrodes. These rear positions are 
preferred as the interstitial electrodes can cause the positively charged particle to deflect towards 
thetrailingsides 244 along the entire length ofthe negatively charged second collector electrode 

242,inorderforthesecondcollectorelectrode242tocollectmore particles fromthe airflow. 
[0114] Sti "fiirther,meintersti^^ 

trailing side 244 ofthe second collector electrodes 244. However, the closer the interstitial 



15 



Attorney Docket No.: SHPR-01 04 1 USR SRM/SDS 
ssanford/shpr/1041/1041USR/1041usR.application.wpd 



Express Mail No.: EL670725507US 



-34- ' 

electrodes 246a, 246b get to the nose 246 of the second electrode 242, generally the less 
effective interstitial electrodes 246a, 246b are in urging positively charged particles toward the 
entire length the second electrodes 242. Preferably, the interstitial electrodes 246a, 246b are wire- 
shaped and smaller or substantially smaller in diameter than the width "W" of the second collector 
5 electrodes 242. For example, the interstitial electrodes can have a diameter of, the same as, or on 
the order, of the diameter of the first electrodes. For example, the interstitial electrodes can have 
adiameterofone-sixteenthofaninch. Also, the diameter ofthe interstitial electrodes 246a, 246b 
is substantially less than the distance between second collector electrodes, as indicated by Y2. 
Further the interstitial electrode can have a length or diameter in the downstream direction that is 
1 0 substantially less than the length of the second electrode in the downstream direction. The reason 
for this size ofthe interstitial electrodes 246a, 246b is so that the interstitial electrodes 246a, 246b 
have a minimal effect on the airflow rate exiting the device 200. 

[01 15] Fig. 10F illustrates that the electrode assembly 220 in Fig. lOEcan include apairof 
third electrodes 224 upstream of each first electrode 232. As previously described, the pair of third 

1 5 electrodes 224 are preferably in-line and symmetrically aligned with each other. For example, the 
third electrode 224a2 is in-line and symmetrically aligned with the third electrode 224al along 
extension line A. Extension line A preferably extends from the middle ofthe nose 246 ofthe second 
electrode 242-2 through the center ofthe first electrode 232-1 . As previously disclosed, in a 
preferred embodiment, only the third electrodes 224al , 224bl are electrically connected to the 

20 high voltage generator 1 70. In Fig. 1 OF, a plurality of interstitial electrodes 246a and 246b 



»are 
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locatedbetween the second electrodes 242. Preferably these interstitial electrodes are in-line and 
have a potential gradient with an increasing voltage potential on each successive interstitial 
electrode in the downstream direction in order to urge particles toward the second electrode. In 

this situation thevoltageon the interstitial electrodes would have the same sign as the voltage on 
the first electrodes 232. 

[01 1 6[ Again, as with the prior embodiments, the innermost second electrode 242-2 is 
recessed back from the first array of electrodes 230, and receive the advantages previously 
disclosed. 



10 Electrode Assembly With an En h anced First Emit ter Electrn^- 
FIGS. HA-lir 

[0117] ™ e Previouslydescribedemto 

arrayof electrodes 230 having at least one wire-shaped electrode 232. It is within thescopeof 
mepresentmventionformefir S tarrayofelectxode S 230to 
15 shapes and configurations. 

[0118] Fig. nAillustratesmatthefirstarrayofelectrodes230mayinclude curvedwire- 
shaped electrodes 252. The curved wire-shaped electrode 252 is an ion emitting surface and 
generates an electric field similar to the previously described wire-shaped electrodes 232. Also 
similartoprevious embodiments, each second electrode 242 is 'Wtream;' and each M 
electrode224is"upst re am»tothe curved wire-shaped electrcxles 252. The electrical properties 
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and characteristics of the second electrode 242 and the third focus electrode 224 are similar to the 
previously described embodiment shown in Fig. 6A. It is to be understood that an alternative 
embodiment ofFig. 1 1 A can exclude the focus electrodes and be within the spirit and scope of the 
invention. 

5 [0119] As shown in Fig. 11 A, positive ions are generated and emitted by the first electrode 
252. In general, the quantity of negative ions generated and emitted by the first electrode is 
proportional to the surface area of the first electrode. The height Zl of the first electrode 252 is 
equal to the height Zl of the previously disclosed wire-shaped electrode 232. However, the total 
length of the electrode 252 is greater than the total length of the electrode 232. By way of example 

1 0 only, and in a preferred embodiment, if the electrode 252 was straightened out the curved or slack 
wire electrode 252 is 1 5-30% longer than a rod or wire-shaped electrode 232. The electrode 252 
is allowed to be slack to achieve the shorter height Zl . When a wire is held slack, the wire may 
form a curved shape similar to the first electrode 252 shown in Fig. 1 1 A. The greater total length 
of the electrode 252 translates to a larger surface area than the wire-shaped electrode 232 . Thus, 

1 5 the electrode 252 will generate and emit more ions than the electrode 232 . Ions emitted by the first 
electrode array attach to the particulate matter within the airflow. The charged particulate matter 
is attracted to, and collected by, the oppositely charged second collector electrodes 242. Since 
the electrodes 252 generate and emit more ions than the previously described electrodes 232, 
more particulate matter will be removed from the airflow. 

20 [0120] Fig. 1 IB illustrates that the first array of electrodes 230 may include flat coil wire- 
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shaped electrodes 254. Each flat coil wire-shaped electrode 254 also has a larger surface area than 
thepreviously disclosed wire-shaped electrode 232. BywayofexampleonIy,iftheelectrode 254 
was straightened out, the electrode 254 will have a total length that is preferably 1 0% longer than 
the electrode 232. Since the height of the electrode 254 remains at Zl , the electrode 254 has a 
5 "kinked" configuration as shown in Fig. 1 IB. This greater length translates to a larger surface area 
of the electrode 254 than the surface areaof the electrode 232. Accordingly, the electrode 254 
will generate and emit a greater number of ions than electrode 232. It is to be understood that an 
alternative embodiment of Fig. 1 IB can exclude the focus electrodes and be within the spirit and 
scope of the invention. 

10 [0121) Fig- HC illustrates that the first array of electrodes 230 may also include coiled 
wire-shaped electrodes 256. Again, the height Zl of the electrodes 256 is similar to the height Zl 
of thepreviously described electrodes 232. However, the total length of the electrodes 256 is 
greater than the total length of the electrodes 232. In a preferred embodiment, if the coiled 
electrode 256 was straightened out the electrodes 256 will have a total length two to three times 

1 5 longer than the wire-shaped electrodes 232. Thus, the electrodes 256 have a larger surface area 
than the electrodes 232, and generate and emit more ions than the first electrodes 232.The 
diameter of the wire that is coiled to produce the electrode 256 is similar to the diameter of the 
electrode 232. The diameter of the electrode 256 itself is preferably 1 -3mm, but can be smaller 
in accordance with the diameter of first emitter electrode 232. The diameter of the electrode 256 
20 shall remain small enough so that the electrode 256 has a high emissivity and is an ion emitting 
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surface. It is to be understood that an alternative embodiment of Fig. 1 1 C can exclude the focus 
electrodes and be within the spirit and scope of the invention. 

[0122] The electrodes 252, 254 and 256 shown in Figs. 11A-1 1C may be incorporated into 
any of the electrode assembly 220 configurations previously disclosed in this application. 
(01 23] Again, as with the prior embodiments, the innermost second electrodes 242-2 and 
242-3 are recessed back from the first array of electrodes 230, and receive the advantages 
previously disclosed. 

101 24] The foregoing description of the preferred embodiments of the present invention has 
been provided for the purposes of illustration and description. It is not intended to be exhaustive 
or to limit the invention to the precise forms disclosed. Obviously, many modifications and 
variations will be apparent to the practitioner skilled in the art. Embodiments were chosen and 
described in order to best describe the principles of the invention and its practical application, 
thereby enabling others skilled in the art to understand the invention, the various embodiments and 
with various modifications that are suited to the particular use contemplated. It is intended that the 
scope of the invention be defined by the following claims and their equivalents. 
[01 25] Modifications and variations may be made to the disclosed embodiments without 
departing from the subject and spirit of the invention as defined by the following claims. 
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1 . An air transporter-conditioner, comprising: 

a housing having a first inlet and a second inlet and a first outlet and a second outlet; 
5 a first ion generator, including a first electrode, and a second electrode, that creates 

an airflow in a downstream direction from said inlets to said first outlet and; 

a second ion generator, including a first electrode, and a second electrode, that 
creates an airflow in a downstream direction from said inlets to said second outlet. 

10 2. The air transporter-conditioner as recited in Claim 1 , wherein the first electrode in said first 
ion generator and in said second ion generator includes at least one electrode with a characteristic 
selected from agroup consisting of (i) apin-shaped electrode that terminates in a pointed tip, (ii) 
a pin-shaped electrode that terminates in a plurality of individual fibers, (iii) a wire-shaped 
electrode, (iv) a curved wire-shaped electrode, (v) a coil-shaped electrode, and (vi) a flat coil- 

15 shaped wire. 

3. Theafrtransporter-conditionerasrecitedinClaim 1, wherein the second electrode in said 
first ion generator and in said second ion generator includes at least one electrode with a 
characteristic selected from a group consisting of (i) an electrode with a U-shaped cross-section, 
20 OOanelectaxiewittanl^ 
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(iv) a ring-shaped electrode, and (v) an electrode having a non-linear tail section. 

4. raeair transporter-conditionerasrecitedinclaiml,wherein S aidinletsarelocatedon 
opposing surfaces of said housing. 

5 

5. Theairtransporter-conditionerasrecitedinclaim 1, wherein said outlets are located on 
opposing surfaces of said housing. 

6. The air transporter-conditioner in claim 1 , including a focus electrode located upstream 
1 0 from the first electrode of the first and second ion generators. 

7. Theairtransporter-conditionerof claim 1, wherein said outlets are covered with fins which 
are elongated between a top and a bottom of said housing. 

15 8. ^ e ^transporter-conditionerasrecitedmclaiml,wheremsaid 
first ion generator is located proximate to said first outlet; and 

whereinsaidsecondelectrodeinsaidsecondiongeneratorislocatedproximatetosaid 
second outlet. 



20 9. Theafrtransporter-conditionerasrecitedmclaim 1, wherein said housing further has 



atop 
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surface, and control devices located on said top surface. 

10. The air transporter-conditioner as recited in claim 1, wherein said housing has a top surface 

and saidsecondelectrodes within saidfirstandsecondion generators are removable through said 
top surface of said housing. 

11. ^eairtramporter-conditionerasrecitedinclaiml,whereinatleastoneofsaid^ 

secondiongeneratorsfurtherincludesatrailingelectrodelocateddownstreamofsaidsecond 
electrode. 

12. ^eairtransporter-conditionerasrecitedinclaimll.wheremsaidtrailm^ 

at least one of said second electrodes of said first and second ion generators are electrically 
connected. 



15 13. The air transporter-conditioner as recited in claim 6, wherein said focus electrode is 
electrically connected to at least one of said first electrodes within said first and second ion 
generator. 



10 



20 



14. Theairtransporter-conditionerof claim 1 wherein said housing has a top, a bottom and 
oneormore sides, said housing has said first inlet located in said top and said second inlet located 
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in said bottom, and said housing has said outlets located in any of said one or more said sides. 

15. Theairtransporter-conditionerof claim 1 wherein said inlets and said outlets are covered 
with fins and said fins are about parallel to each other. 

16. Theairtransporter-conditionerof claim 1 wherein said outlets are covered with fins and 
said second electrodes of said first and second ion generators includes fins and said fins that cover 
the outlets are about parallel the fins of the second electrodes. 



ion 



10 17. The air transporter-conditioner of claim 16 wherein said second electrode of said first 

generator is located adjacent to said first outlet, and said second electrode of said second ion 
generator is located adjacent to said second outlet. 

18. Theairu^nsporter-conditionerofclaim 1 wherein a downstream direction is defined from 
15 s * d ^iongeneratortosaidfirstou^ 

first ion generators. 

19. The air transporter-conditioner of claim 1 wherein a downstream direction is defined from 
said first ion generator to said first outlet, and a downstream direction is also defined from said 

20 second ion generator to said second outlet, and including a germicidal device located upstream of 
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said first and second ion generators. 



20. Theairtransporter-conditionerof claim 1 wherein at least one ofthe second electrodes of 
the first and the second ion generator is Z-shaped. 

5 

21. Theako-ansporter-conditionerota 

the first and the second ion generator has a tail section that is wider than a nose section. 

22. Theairtransporter-conditionerofclaim 1 wherein at least one ofthe second electrodes of 
1 0 the first and the second ion generator has a planar front section and a tail section that is angled 

relative to said planar front section. 

23. An air transporter-conditioner, comprising: 

a housing, including a first inlet and a second inlet, and a first outlet and a second 

15 outlet; 

a first electrode assembly, including a first array of electrodes and a second array of 
electrodes that creates an airflow in a downstream direction from said inlet to said first outlet; and 

asecond electrodeassembly, mclud^^ 
of electrodes that create an airflow in a downstream direction from said inlets to said second outlet. 

20 
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24. The air transporter-conditioner asrecited in Claim 23, wherein the first array of electrodes 
in said first electrode assembly and in said second electrode assembly includes at least one 
electrodewithacharacteristic selected from a group consisting of(i) a pin- shaped electrode that 
terminates in apointed tip, (ii)apin-shaped electrode that terminates in a plurality of individual 
fibers, (iii) a wire-shaped electrode, (iv) a curved wire-shaped electrode, (v) a coil-shaped 
electrode, and (vi) a flat coil-shaped wire. 

25. The air transporter-conditioner as recited in Claim 23, wherein the second array of 
electrcxiesinsaidfirstele^^ 

oneelectrodewithacharacteri^ 

shapedcross-section,(ii)ane]ectrodewithanL-shapedcross-section,(iii)anelectrodewitha 

rod-shaped cross-section, (iv) a ring-shaped electrode, and (v) an electrode havmg a non-to 
tail section. 



15 26. Theafrtransporter-condta^ 
on opposing surfaces of said housing. 

27. TheaktransportCT-condit^ 
on opposing surfaces of said housing. 

20 



10 
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28. The air transporter-conditioner of claim 23 wherein a focus electrode located upstream ' 
from the first electrodes of said first and second electrode assemblies. 

29. The airtransporter-conditioner of claim 23 wherein said second array of electrodes in said 
5 first electrode assembly is located adjacent to the first outlet, and the second array of electrodes 

in said second electrode assembly is located adjacent to the second outlet. 

30. The air transporter-conditioner of claim 23 wherein housing further has a top surface, and 
a control device located on said top surface. 

10 

3 1 . The air transporter-conditioner of claim 23 wherein said housing has atop surface and said 
second array of electrodes from said first and second electrode assemblies is removable from said 
housing through said top surface. 

1 5 32. The airtransporter-conditioner of claim 23 wherein at least one of said first and second 
electrode assemblies further includes a trailing electrode located downstream of said second airay 
of electrodes. 

33 . The air transporter-conditioner of claim 32 wherein said trailing electrode and said second 
20 electrodes are electrically connected. 
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34. The airtransporter-conditioner of claim 28 wherein said focus electrode is electrically 
connected to at least one of said first electrode arrays within said first and second electrode 
assemblies. 

5 35. The airtransporter-conditioner of claim 23 wherein said housing has atop, abottom and 
one or more sides, said housing having said first inlet located in said top and said second inlet 
located in said bottom, and said housing having said first and second outlets located in any of said 
one or more sides. 

10 36. Theairtransjwrter-cond^^ 

with fins and said fins are about parallel to each other. 

37. The air transporter-conditioner 

saidsecondelectrodesofsaidfirstandsecondelectrodeassembli^ 
1 5 cover the outlets are about parallel the fins of the second electrodes. 

38. The airtransporter-conditioner of claim23 wherein said outlets are covered with fins which 
are elongated between a top and a bottom of said housing. 

20 39. The air transporter-conditioner of claim 23 wherein said second array of electrodes of said 
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firstelectrodeassemblyare located adjacentto said first outlet and said second airay of electrodes 
of said second electrode assembly are located adjacent to said second outlet. 

40. ^Atanjocto^ 

saidfirstelectiodeassemblytosaidfirstouU^ 
of said first electrode assembly. 



41. ^^transporter-con^^ 

saidnrstelectrodeas S emblytosaidfirstoutlet,andadownstreamdirectio^ 

10 saids ^ndelectrodeasse m blytosaidsecondoutIet,andincludingagennicidald 
upstream of said first and second electrode assemblies. 

42. Theairtransporter-cond^ 

of the first and the second ion generator is Z-shaped. 

15 

43. Theairtransporter-con^^^ 
ofmefirstandmesecond^ 

44. The air transporter-conditioner of claim 23 wherein at least one of the second electrodes 
20 ^e&standmesecondelectrodeassemblieshasaplanarfrontsection^ 
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angled relative to said planar front section. 



45. An air transporter-conditioner comprising: 

a housing with a top, a bottom and at least one side located between the top and the 
5 bottom; 

said housing having a first inlet located in said top and a second inlet located in said bottom; 
said housing having an outlet located in said side; and 

an ion generator located in said housing that when energized can create a flow of air from 
said inlets to said outlet. 

10 

46. The air transporter-conditioner of claim 45 wherein the first inlet covers all of the top 
except for a top peripheral margin and said second inlet covers use of the bottom except for a 
bottom peripheral margin. 

15 47. Theairtransporter-conditionerofclaim45whereinsaidoutletincludesfirstandsecond 
outlets that are spaced apart and wherein said ion generator creates a flow of air from said fiist and 
second inlets to said first outlet, and from said first and second inlets to said second outlet. 

48. The air transporter-conditioner of claim 45 wherein said outlet includes first and second 
20 outlets, and said side of said housing has substantially opposed surfaces with one of the outlets 
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located on each of the opposed surfaces and wherein said ion generator creates a flow of air from 
said first and second inlets to said first outlet, and from said first and second inlets to said second 
outlet. 

5 49. The air transporter-conditioner of claim 45 wherein said inlets and said outlet are covered 
with fins and said fins are about parallel to each other. 

50. The air transporter-conditioner of claim 45 wherein said outlet is covered with fins and said 
ion generator includes collector electrodes located adjacent to the outlet and said fins that cover 

1 0 the outlet are about parallel to the second electrodes. 

51. The air transporter-conditioner of claim 45 wherein a downstream direction is defined from 
said ion generator to said first outlet and to said second outlet and including a germicidal device 
located upstream of said ion generator. 

15 

52. The airtransporter-conditionerofclaim45 wherein said ion generator includes a collector 
electrode and said collector electrode is Z-shaped. 

53. TheairtransporteK»nditionerofcto 

20 electrode that has a tail section that is wider than a nose section. 
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54. ^eairtransporter-conditionerofclaim45whereinsaidiongeneratorkcludes 
electrode and said collector electrode has a leading planar section and a trailing section that is at 
an angle to said leading planar section. 

5 55. An air transporter-conditioner comprising: 

a housing with a top, a bottom and at least one side located between the top and the 
bottom; 

said housing having a first inlet located in said top and a second inlet located in said bottom; 
said side including first and second opposed surfaces and said housing further including 
a first outlet located in said first opposed surface and a second outlet located in said second 
opposed surface; and 

an ion generator located in said housing that, when energized, can create a flow of air from 
said inlets to said outlets. 



15 56. The air transporter^conditioner of claim 5 5 wherein said first and second inlets are opposed 
and said first and second outlets are opposed. 

57. The air transporter-conditioner of claim 55 including a germicidal device located in said 
housing. 

20 
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58. The air transporter-conditioner of claim 55 wherein said germicidal device can be removed 
through said side. 

59. The air transporter-conditioner of claim 55 wherein said ion generator includes a collector 
5 electrode that can be removed through said top. 

60. The air transporter-conditioner of claim 55 including a control that is located on said top. 

61. The air transporter-conditioner of claim 55 wherein said first inlet covers substantially all 
1 0 of the top of said housing but for a peripheral margin. 

62. The air transporter-conditioner of claim 55 wherein said second inlet covers substantially 
all of said bottom of said housing but for a peripheral margin. 

15 63. The air transporter-conditioner of claim 55 wherein said first and second outlets are 
covered with fins and said ion generator includes collector electrodes located adjacent to the first 
and the second outlets and said fins that cover the outlets are about parallel to the second 
electrodes. 

20 64. The air transporter-conditioner of claim 63 wherein said first and second inlets are covered 
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with fins that are parallel to the fins of the first and second outlets. 



65. An air transporter-conditioner, comprising: 

a housing having at least two inlets and at least two outlets; 

a first electrode assembly including a first array of electrodes and a second array of 
electrodes, said first array having a rod-shaped electrode, said second array having two "U"- 
shaped electrodes located adjacent to one of said outlet; 

a second electrode assembly including a first array of electrodes and a second array 
of electrodes, said first array having a rod-shaped electrode, said second array having two "LT- 
shaped electrodes and located adjacent to the other of said outlets; and 

a high voltage generator coupled between said first array of electrodes and said 
second array of electrodes of each of said first and second electrode assembly. 

66. The air transporter-conditioner of claim 65 including: 

a third focus located between said first electrode assembly and said second electrode 

assembly. 



67. An air transporter-conditioner, comprising: 

a housing having at least two inlets opposed to each other and at least two outlets 
20 opposed to each other; 
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a first ion generator that creates an airflow from a first array of electrodes to a second 
array of electrodes; 

a second ion generator that creates an airflow from a first array of electrodes to a 
second array of electrodes; 

5 a focus electrode located between said first ion generator and said second ion 

generator; and 

agermicidal lamp exposing the airflow to germicidal radiation, disposed within the 
housing so that the lamp is not visible to an individual looking into an inlet or an outlet; and 
a shell for directing the germicidal light away from said inlets, said outlets, and said 
10 first and second ion generator. 

68. The air transporter-conditioner of claim 67, comprising: 

a first focus electrode located between said first ion generator and said second ion 
generator; and 



15 



20 



a second focus electrode located between said second ion generator and said 
germicidal lamp. 

69. An air transporter-conditioner, comprising: 

a housing having at least two inlets and at least two outlets; 

a first electrode assembly, disposed in said housing including a first electrode and 
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a second of electrode; 

a second electrode assembly, disposed in said housing including a first electrode and 
a second electrode; and 

a third focus electrode, located between said first and second electrode assembly. 

70. An air transporter-conditioner, comprising: 

a housing having at least two inlets and at least two outlets; 
a first ion generator that creates an airflow from a first array of electrodes to a second 
array of electrodes; 

a second ion generator that creates an airflow from a first array of electrodes to a 
second array of electrodes; 

a focus electrode located between said first ion generator and said second ion 

generator; 

afirstgeinucidal lampexposmg to 
1 5 said focus electrode and said first ion generator; and 

a second germicidal lamp exposing the airflow to germicidal radiation, located 
between said focus electrode and said second ion generator. 



10 



Attorney Docket No.: SHPR-01041 USR SRM/SDS 
ssanford/shpr/104 1/1 04 1 VSM 04 lusR.application.wpd 



Express Mail No.: EL670725507US 



-55- 
Abstract: 

[0126] An electro-kinetic air transporter-conditioner creates airflow with an electrode 
assemblythatincludesafirst^^ 

electrodes of the second array are preferably located further away from the first array than the 
outemostelectrxxlesmth^ 

fields created at the tipofeach electrode within the second array. Reducing the electrical field at 
the innermost electrodes also reduces the amount of ozone generated by the device. 
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